Objectives
This study explored the variability in the timing of ovulation, via measurement of the LH surge, during women's cycles and used this information to assess prediction accuracy of calendar apps and calendar-based methods for women seeking to become pregnant.
Methods
Women over 18 years who were trying to conceive were recruited from the UK. Volunteers collected daily urine samples for an entire menstrual cycle, and completed a menstrual cycle diary. Urinary LH was measured using an AutoDELFIA™ (Perkin Elmer, Waltham, USA) assay for intact LH.
All cycle-tracking calendar apps (iOS and Android) found between 4th-13th October 2017 were downloaded. None of the apps published their method of calculation, so a simulated cycle was entered using idealised characteristics; 28 day cycle, regular, no hormonal contraception, period length 5 days (not all apps required all the information).
Published methods of fertile-phase calculation were also assessed. These included:
• Standard days method (predicts days 8-19 as fertile days) 4 • Rhythm method 5 and alternative rhythm method 6 (predict fertile phase using formulae based on the longest and shortest of the last 6 cycles)
• Simple calendar method (subtracts 14 and 15 days from the last cycle length to give the peak fertility days). 7 A probability table was created to record the likelihood of ovulation on any given day for the range of cycle lengths, based on the percentage of the population observed to have ovulated on any given day.
The accuracy of the tested calendar apps was determined by comparison of the prediction provided following input of standard data, with the probability of ovulation obtained from examination of real cycle data.
Accuracy of the calendar-based methods was determined retrospectively as a 'best-case scenario' using the volunteer cycle characteristics supplied.
Results
Mean cycle length was 28 days (range 23-35). The most likely day of ovulation for a 28-day cycle was day 16 (21%), with day 14 being the fourth most likely day of ovulation (14%), after Day 15 (19%) and Day 17 (17%). For a 28 day cycle the ovulation day ranged from day 11 to day 20 ( 1% 2% 4% 7% 11% 15% 17% 16% 12% 8% 5% 2% 1% 0% 0% 0% 0% n/a n/a n/a n/a n/a n/a n/a 0% 1% 2% 6% 11% 17% 20% 18% 13% 7% 3% 1% 0% 0% 0% 0% 0% 0% n/a n/a n/a n/a n/a n/a 0% 0% 1% 3% 7% 14% 20% 22% 17% 10% 4% 1% 0% 0% 0% 0% 0% 0% 0% n/a n/a n/a n/a n/a 0% 0% 0% 1% 3% 9% 19% 26% 23% 13% 5% 1% 0% 0% 0% 0% 0% 0% 0% 0% n/a n/a n/a n/a 0% 0% 0% 0% 1% 4% 11% 19% 23% 21% 13% 6% 2% 0% 0% 0% 0% 0% 0% 0% 0% n/a n/a n/a 0% 0% 0% 0% 1% 3% 7% 14% 19% 21% 17% 10% 5% 2% 0% 0% 0% 0% 0% 0% 0% 0% n/a n/a 0% 0% 0% 0% 0% 0% 2% 6% 14% 22% 25% 19% 9% 3% 1% 0% 0% 0% 0% 0% 0% 0% 0% n/a 0% 0% 0% 0% 0% 0% 1% 3% 8% 15% 22% 22% 16% 9% 3% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 4% 8% 13% 16% 18% 16% 11% 7% 3% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 3% 9% 19% 26% 23% 13% 5% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 4% 9% 15% 19% 19% 15% 9% 5% 2% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 7% 15% 23% 24% 17% 8% 3% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 5% 8% 12% 15% 16% 14% 11% 7% 4% 2% 1% 0% 0% Out of the 73 apps investigated, 18 (nearly 25%) did not state a predicted day of ovulation. The most frequent ovulation day predicted was day 15 (predicted by 32 apps (44% of apps investigated), but the probability of ovulation occurring on this day was only 19%. The accuracy of apps at predicting ovulation day was no better than 21% (Table 2 ).
All four calendar methods had ovulation-day prediction accuracy lower than 90%. The standard days and rhythm methods were most likely to predict ovulation (70% and 89%, respectively), but the alternative rhythm method and simple calendar method had low accuracy. However, the more accurate methods rely on providing the user with a broad fertile window in which to target intercourse.
Conclusions
• The true day of ovulation varies considerably for any given cycle length.
• Calendar/app methods are not able to provide women with an accurate prediction of the day of ovulation.
• Women should be advised not to rely on such methods to enable the optimal timing of sexual intercourse to achieve pregnancy. Ovulation days predicted by app 
